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Description 

Field 

[0001] The present invention relates to an improved s 
process for producing half-sandwich transition metal 
based catalysts. These catalysts are generally useful in 
the production of polyolefins, such as polyethylene, 
polypropylene and their copolymers with other alpha- 
olefins. More specifically, this invention relates to a proc- 10 
ess for producing complexes of transition metals, sub- 
stituted or unsubstituted Tt-bonded ligands and heter- 
oallyl moieties. 



Background 



15 



[0002] Numerous catalysts have been developed 
which provide polyolefins with certain advantageous 
properties. One class of these catalysts are now com- 
monly referred to as metallocenes, organometallic co- 
ordination complexes containing one or more rc-bonded 
moieties in association with a metal atom from Groups 
NIB to VIII or the Lanthanide series of the Periodic Table 
of Elements. These catalysts are reportedly highly use- 
ful in the preparation of polyolefins because they pro- 25 
duce homogeneous polymers at excellent polymeriza- 
. tion rates, allowing one to closely tailor the final proper- 
ties of the polymer as desired. 
[0003] In U.S. Patent No. 5,527,752 a novel catalyst 
precursor was disclosed for use in the manufacture of so 
polyolefins. However, the manufacture of this catalyst 
on a commercial scale is frustrated by the required em- 
ployment of cryogenic cooling during the protonation 
step. This is a complex and costly step to undertake and 
it makes this class of metallocenes very expensive to 35 
manufacture. Accordingly, there existed a need for a 
simpler procedure for its manufacture. 
[0004] Niemann, et af. Journal of Organometallic 
Chemistry, (1993) 456, 195-204, disclose zirconocene 
dicarboxylate complexes prepared by reacting ao 
Cp2ZrC12 with a dicarboxylic acid (1 equivalent) and 
triethyl amine (1 equivalent). 

[0005] EP 0 798 313 A1 discloses olefin polymeriza- 
tion catalysts including a Group IV metal complex hav- 
ing a cyclopentadienyl ligand and a monovalent biden- 45 
tate chelating ligand. 

[0006] Kiran, et al. J. Am. Chem. Soc, (1992) 114, 
6649-6652 disclose tantalocene carboxylate complex- 
es, of the general formula CpTaCI 3 (OC(0)R), may be 
prepared from CpTaCI 4 and the corresponding carbox- so 
ylate acid in the presence of an amine. 

Summary of the Invention 

[0007] The invention provides an improved process 55 
for producing half-sandwich transition metal based cat- 
alyst of either Formula I or Formula II as set forth below. 



M 



Y 



•<A) n 



Formula I 



20 wherein: 



M is a metal atom from Groups IIIA to VIII or the 
Lanthanide series of the Periodic Table of Ele- 
ments, preferably Ti, Zr or Hf; 
L is a substituted or unsubstituted, 7c-bonded ligand 
coordinated to M, preferably a cyclopentadienyl- 
type ligand; 

Q can be the same or different and is independently 
selected from the group consisting of -O- -NR- 
-CR 2 -and-S-; 
Y is either C or S; 

Z is selected from the group consisting of -OR, 
-NR 2 , -CR 3 , -SR, -SiR 3 ,-PR 2> -H, and substituted or 
unsubstituted aryl group with the proviso that when 
Q is -NR- then Z is selected from the group consist- 
ing of-OR, -NR 2 , -SR, -SiR 3 ,-PR 2 and -H; 
n is 1 or 2: 

A is a univalent anionic group when n is 2 or A is a 
divalent anionic group when n is 1 ; when n is 2, A 
can be the group formed by QYQZ depicted in for- 
mula I above; and 

R can be the same or different and is independently 
a group containing carbon, silicon, nitrogen, oxy- 
gen, and/or phosphorus where one or more R 
groups may be attached to the L substituent, pref- 
erably R is a hydrocarbon group containing from 1 
to 20 carbon atoms, most preferably an alkyl, cy- 
cloalkyl or an aryl group. 
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Formula II 

wherein: 

M is a metal atom from Groups I II A to VIII or the 
Lanthanide series of the Periodic Table of Ele- 
ments, preferably Ti, Zr or Hf; 
L is a substituted or un substituted, n-bonded ligand 
coordinated to M, preferably a cyclo pentad ieny I - 
type ligand; 

Q can be the same or different and is independently 
selected from the group consisting of -O, -NR-; 
-CR 2 - and -S- 
Y is either C or S; 

Z is selected from the group consisting of-OR, -NR 2 , 
-CR 3 , -SR, -SiR 3 ,-PR 2 , -H, and substituted or un- 
substituted aryl group with the proviso that when Q 
is -NR- then Z is selected from the group consisting 
of -OR, -NR 2 , -SR. -SiR 3 ,-PR 2 and -H; 
n is 1 or 2; 

A is a univalent anionic group when n is 2 or A is a 
divalent anionic group when n is 1 ; when n is 2, A 
can be the group formed by QYQZ depicted in for- 
mula II above; 

R can be the same or different and is independently 
a group containing carbon, silicon, nitrogen, oxy- 
gen, and/or phosphorus where one or more R 
groups may be attached to the L substituent, pref- 
erably R is a hydrocarbon group containing from 1 
to 20 carbon atoms, most preferably an alkyl, cy- 
cloalkyl or an aryt group; 

T is a bridging group selected from the group con- 
sisting of an alkylene or arylene group containing 
from 1 to 10 carbon atoms optionally substituted 
with carbon or heteroatoms, germanium, silicon 
and alkyl phosphine; and 

m is 1 to 7, preferably 2 to 6, most preferably 2 or 3. 
[0008] The process employs the use of a metallocene 



dihalide as the starting material for the transition metal 
and trialkylamine as the halide removing agent. Using 
these two materials, and an organic acid, a simple, mild, 
low cost manufacturing process for compounds of For- 

5 mula I and II is provided!. Previously, these compounds 
were produced by reacting a metallocene dichloride and 
an organic acid without trialkyamine. When such an ap- 
proach was employed, the organic acid had to be used 
in large excess and the preparation had to be conducted 

10 under vigorous conditions. Since organic acids are cor- 
rosive and irritant, the use of a large excess of these 
materials under such vigorous conditions raised safety 
concerns for their employment in a commercial scale 
operation. Furthermore, since the organic acids were 

15 used both as a reactant and as the reaction medium, 
this method was not suitable for organic acids that were 
solid under the reaction condition. The present invention 
has surprisingly overcome these deficiencies. 

20 Detailed Description of the Invention 

[0009] According to the present invention, the half- 
sandwich transition metal based catalysts may be made 
. by reacting in a hydrocarbon medium, at from about 

25 20°G to 60°C for approximately one to ten hours under 
an inert atmosphere, preferably nitrogen, (a) 1 equiva- 
lent of a metallocene dihalide of Formula III with (b) 3 
equivalents of an organic acid of Formula IV and (c) 3 
equivalents of a trialkylamine and thereafter recovering 

30 the product. The half-sandwich transition metal based 
catalysts so prepared generally has a purity which ex- 
ceeds 95% and thus depending on its use may require 
no further purification. 

[0010] The metallocene dihalide is of the formula: 

35 . 

(L)(L')MX 2 
Formula ill 

40 

wherein M is a metal atom from Groups NIB to VIII 
or the Lanthanide series of the Periodic Table of Ele- 
ments, preferably Tl. Zr or Hf; X is a halogen atom; L 
and L' are the same or different, may be bridged to each 

45 other or unbridged and are independently a substituted 
or unsubstituted, rc-bonded ligand coordinated to M, 
such ascyclopentadienyl, indenyl, tetrahydroindenyl, or 
fluorenyl groups. Generally, when substituted the ligand 
will be substituted with one or more hydrocarbon groups 

so containing from 1 to 20 carbon atoms, most preferably 
an alkyl, cycloalkyl or an aryl group. 
[0011] The organic acid is of the forumla: 
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,QH 



Z 

Formula IV 

wherein Q can be the same or different and is in- 
dependently selected from the group consisting of -O 
•NR, -CR 2 and -S; Y is either C or S; Z is selected from 
the group consisting of -OR, -NR 2 , -CR 3 , -SR, SiR 3 , 
-PR 2 , -H, substituted or unsubstituted aryl groups; and 
R can be same or different and is independently a group 
containing carbon, silicon, nitrogen, oxygen, and/or 
phosphorus, preferably R is a hydrocarbon group con- 
taining from 1 to 20 carbon atoms, most preferably an 
alkyl, cycloalkyl or an aryl group; 
[0012] And the trialkylamine is of the formula NR' 3 
wherein R' is a hydrocarbon group containing from 1 to 
20 carbon atoms, most preferably an alkyl, cycloalkyl or 
an aryl group. 

[0013] The reactants may be sourced from any of a 
variety of well known suppliers, for instance the metal- 
locene dihalide can be obtained from Witco Corporation 
and the organic acid and trialkylanine can be obtained 
from Aldrich Chemical Company. 
[0014] These half-sandwich transition metal based 
catalysts are used with an activator, such as aluminox- 
ane, to form the active catalyst. 
[0015] Examples of the half-sandwich transition metal 
based catalysts include, but are not limited to, indenyl 
zirconium tris(pivalate), indenyl zirconium tris(p-tolu- 
ate), indenyl zirconium tris(benzoate), (1-methylinde- 
nyl) zirconium tris(pivalate), (2-meth-ylindenyl) zirconi- 
um tris(diethylcarbamate), (methylcyclopentadienyl) 
zirconium tris(pivalate), (cyclopentadienyl) zirconium 
tris(pivalate), (pentamethylcyclopentadienyl) zirconium 
tris(benzoate), n-butylcyclopentadienylzirconium trisp- 
ivalate, (n-butylcyclopenta-dienyl) tris(benzoate), (tet- 
rahydroindenyl)zirconium tris(pivalate), (tetrahydroin- 
denyl)zirconium tris(benzoate), (tetrahydroindenyl) zir- 
conium tris(pentenate), (1 ,3-dimethylcycIopentadienyl) 
zirconium tris(pivalate). (1,3-methylethylcyclopentadi- 
enyl)zirconium tris(pivalate). (tetramethylcyclopentadi- 
enyl)zirconium tris(pivalate), (pentamethylcyclopenta- 
dienyl)zirconium tris(pivalate). (cyclopentylcyclopenta- 
dienyl)zirconium tris(benzoate), (benzylcyclopentadi- 
enyl) zirconium tris(benzoate), (n-butylcyclopentadi- 
enyl)hafnium tris(pivalate), (n-butylcyclopentadienyl)ti- 
tanium tris(pivalate). 

[0016] As noted above, these catalyst precursors are 
used in conjunction with activating cocatalysts to form 
catalyst compositions for the production of polyolefins. 
Preferably, the activating cocatalysts are one of the fol- 



lowing: (a) branched or cyclic oligomeric poly(hydrocar- 
bylaluminum oxide) that contain repeating units of the 
general formula -(AI(R)O)-, where R is an alkyl radical 
containing from 1 to about 12 carbon atoms, or an aryl 
5 radical such as a substituted or unsubstituted phenyl or 
naphthyl group or (b) non-coordinating anions, such as 
tri(pentafluorophenyl) borate, triethyl tetra(pentafluor- 
ophenyl) borate and the like. For a more detailed dis- 
cussion of non-coordinating anions see U.S Patent No 
10 5,599,761. 

[0017] Preferably, the activating cocatalyst is a 
branched or cyclic oligomeric polyfhydrocarbylalumi- 
num oxide). More preferably, the activating cocatalyst is 
an aluminoxane such as methylaluminoxane (MAO) or 
15 modified methylalumin-oxane (MMAO). 

[0018] The amount of catalyst usefully employed in 
the catalyst composition may vary over a wide range. It 
is generally preferred to use the catalyst compositions 
at concentrations sufficient to provide at least about 
20 0.000001 , preferably about 0.00001 percent, by weight, 
of transition metal based on the weight of the mono- 
mers. The upper limit of the percentages is determined 
by a combination of catalyst activity and process eco- 
nomics. When the activating cocatalyst is a branched or 
25 cyclic oligomeric poly(hydrocarbylaluminum oxide), the 
mole ratio of aluminum atoms contained in the poly(hy- 
drocarbyl-aluminum oxide) to transition metal atoms 
contained in the catalyst of the present invention is gen- 
erally in the range of about 2:1 to about 100,000:1 , pref- 
30 erably in the range of about 10:1 to about 10,000:1 , and 
most preferably in the range of about 50:1 to about 
2,000:1. 

[0019] The catalyst composition may optionally con- 
tain one or more other polyolefin catalysts. These cata- 
35 lysts include, for example, any Ziegler-Natta catalysts 
containing a metal from groups IV(B), V(B), or VI(B) of 
the Periodic Table. Suitable activators for Ziegler-Natta 
catalysts are well known in the art and may also be in- 
cluded in the catalyst composition. 
40 [0020] The catalyst composition may be supported or 
unsupported. In the case of a supported catalyst com- 
position, the catalyst and the activating cocatalyst may 
be impregnated in or deposited on the surface of a sub- 
strate such as silicon dioxide, aluminum oxide, magne- 
ts sium dichloride, polystyrene, polyethylene, polypropyl- 
ene, or polycarbonate, such that the catalyst composi- 
tion is between 0.01 and 90 percent by weight of the 
total weight of the catalyst composition and the support. 
[0021] The support may first be impregnated with a 
50 hydrocarbon solution of the cocatalyst, dried of solvent 
followed by reimpregnation with the metal catalyst solu- 
tion followed by solvent removal. Alternatively, the base 
support may be impregnated with the reaction product 
of the metal catalyst precursor and the cocatalyst fol- 
55 lowed by removal of the solvent. In either case, a hydro- 
carbon slurry of the supported, activated catalyst or a 
hydrocarbon-free powder results and these are used, 
usually without added activator as olefin polymerization 
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catalysts. Frequently, an impurity scavenger is added to 
the reaction prior to or along with the catalyst-cocatalyst 
slurry/powder in order to maximize its activity. 
[0022] Alternatively, the support can first be heated to 
drive off hydroxylic impurities notably water followed by 
reaction of the remaining hydroxyl groups with proton 
scavengers such as hydrocarbaryl aluminum com- 
pounds (TMA, TEA, TIBAL, TNHAL, MAO, MM AO, etc.). 
Also, the heating may be omitted and the support react- 
ed directly with the hydrocarbonyl aluminum com- 
pounds. 

[0023] Polymerization may be conducted in the gas 
phase in a stirred or fluidized bed reactor, or in a high 
pressure, solution or slurry phase reactor using equip- 
ment and procedures well known in the art. Generally, 
the polymerization temperature ranges from about 0°C 
to about 200°C at atmospheric, subatmospheric or su- 
peratmospheric pressures. A slurry or solution polymer- 
ization process can utilize subatmospheric and super- 
atmospheric pressures and temperatures in the range 
of about 40°C to about 110°C. In the present invention, 
is preferred to utilize a gas phase polymerization proc- 
ess with superatmosheric pressures in the range of 1 to 
1000 psi, preferably 50 to 400 psi and most preferably 
100 to 300 psi, at temeratures in the range of 30 to 
130°C, preferably 65 to 110°C. Ethylene, higher alpha- 
olefin(s), and optionally other monomers are contacted 
with an effective amount of catalyst composition at a 
temperature and a pressure sufficient to initiate polym- 
erization. The process may be carried out in a single 
reactor or in two or more reactors in series. The process 
is conducted substantially in the absence of catalyst poi- 
sons because such materials have been found to affect 
the polymerization adversely. Organometallic com- 
pounds may be employed as scavenging agents for poi- 
sons to increase the catalyst activity. Examples of these 
compounds are metal alkyls, preferably aluminum 
alkyls, most preferably triisobutylaluminum. 
[0024] Conventional adjuvants may be included in the 
process, provided they do not interfere with the opera- 
tion of the catalyst composition in forming the desired 
polyolefin. Hydrogen can be used as a chain transfer 
agent in the process, in amounts up to about 10 moles 
of hydrogen per mole of total monomer feed. 
[0025] Also, as desired for temperature control of the 
system, any gas inert to the catalyst composition and 
reactants can also be present in the gas stream. 
[0026] Generally, the alpha-olefin monomers have 
from 2 to 12 carbon atoms and typically include, but not 
limited to, ethylene, propylene, 
1-butene, 1-pentene, 4-methyl-1 -pentene, 1-hexene, 
styrene. Preferred dienes which may optionally be po- 
lymerized with the alpha-olefins are those which are 
non-conjugated. These non-conjugated diene mono- 
mers may be straight chain, branched chain or cyclic 
hydrocarbon dienes having from about 5 to about 1 5 
carbon atoms. Dienes which are especially preferred in- 
clude 1 ,5-hexadiene , 5-vinyl-2-norbornene, 1 ,7-octadi- 



ene. 

[0027] Preferred aromatic compounds having vinyl 
unsatu ration may be optionally polymerized with the al- 
pha-olefins include styrene and substituted styrenes. 

5 [0028] Polyolefins produced according to the inven- 
tion can be polymers of one or more olefins. The poly- 
olefins may also be derived from diolefins such as divi- 
nylbenzene, isoprene, linear terminal diolefins such as 
1 ,7-octadiene, or olefins having one or more strained 

w double bonds such as bicyclo (2.2.1) hepta-2,5-diene, 
5-ethylidine-2-norbornene, 5-vinyl-2-norborene (endo 
and exo forms or mixtures thereof) and normal mono- 
olefins. 

[0029] Catalyst additives may be introduced into the 

15 reaction zone as part of the catalyst system to modify 
reaction rates, such as Lewis bases. The Lewis bases 
which are applicable for use in the present invention and 
which are capable of reducing the activity of the olefin 
polymerization reaction as desired, even to the point of 

20 substantially complete termination, which is fully revers- 
ible, include ethers, alcohols, ketones, aldehydes, car- 
boxylic acids, esters, carbonates, phosphines, phos- 
phine oxides, phosphates, phosphites, amines, amides, 
nitriles. alkoxy silanes, aluminum alkoxides, water, ox- 

25 ygen, nitric oxides. 

[0030] The Lewis base may be added to the polymer- 
ization reaction by a variety of methods, depending up- 
on the polymerization process being used and the form 
of the Lewis base. It may be added in the neat form or 

30 it may be added as a dilute solution. Depending upon 
the solubility of the Lewis base, appropriate diluents 
may include the monomer or a hydrocarbon such as tol- 
uene or isopentane. 

[0031] The amounts of Lewis base that is utilized to 

35 reduce the activity of the olefin polymerization reaction 
using a heteroallyl/aluminoxane catalyst system is 
strongly dependent upon a number of factors. Those 
factors include the specific Lewis base being used, the 
specific catalyst precursor compound that is present, 

40 the specific aluminoxane compound that is present, the 
reaction temperature, the molar ratio of aluminoxane to 
catalyst precursor, the specific olefin(s) that is(are) 
present, and the concentration of the olefin used in the 
polymerization reaction. Generally, if a multifunctional 

45 Lewis base is utilized to reduce the activity of the olefin 
polymerization, the extent of the reduction in polymeri- 
zation activity will be greater than that observed with an 
equivalent amount of a monofunctional Lewis base. The 
amounts of Lewis base required to reduce the activity 

so of a polymerization reaction will be less if a low alumi- 
noxane catalyst precursor ratio is utilized. 
[0032] The gas phase olefin polymerization reaction 
systems in which the present invention is useful com- 
prise a reactor vessel to which olefin monomer and cat- 

55 alyst components can be added and which contain a 
bed of forming polyolefin particles. The present inven- 
tion is not limited to any specific type of gas phase re- 
action system. In very general terms, a conventional flu- 
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idized bed process for producing resins is conducted by 
passing a gaseous stream containing one or more mon- 
omers continuously through a fluidized bed reactor un- 
der reaction conditions and in the presence of catalyst 
at a velocity sufficient to maintain the bed of solid parti- 
cles in a suspended condition. The gaseous stream con- 
taining unreacted gaseous monomer is withdrawn from 
the reactor continuously, compressed, cooled and recy- 
cled into the reactor. Product is withdrawn from the re- 
actor and make-up monomer is added to the recycle 
stream. 

[0033] One of the liquid phase olefin polymerization 
reaction systems in which the present invention is useful 
is described in U.S. Patent 3.324,095. The liquid phase 
olefin polymerization reaction systems generally com- 
prise a reactor vessel to which olefin monomer and cat- 
alyst components can be added and which contains liq- 
uid reaction medium for dissolving or suspending the 
polyolefin. The liquid medium may consist of the bulk 
liquid monomer or an inert liquid hydrocarbon which is 
nonreactive under the polymerization conditions em- 
ployed. While the hydrocarbon selected need not func- 
tion as solvent for the catalyst or the polymers obtained 
by the process, it usually serves as solvent for the mon- 
omers employed in the polymerization. Among the inert 
hydrocarbon liquids suitable for this purpose may be 
mentioned isopentane, hexane, cyclohexane, heptane, 
benzene, toluene. The present invention is not limited 
to any specific type of solution, slurry, or bulk liquid mon- 
omer reaction system. In very general terms, a conven- 
tional liquid phase olefin process for producing resins is 
conducted by continuously adding one or more mono- 
mers to a reactor under reaction conditions in the pres- 
ence of catalyst at a concentration sufficient to maintain 
the reaction medium in a fluid state. The reactive contact 
between the olefin monomer and the catalyst should be 
maintained by constant stirring or agitation of the reac- 
tion mixture. The reaction medium containing the poly- 
olefin product and unreacted gaseous monomer is with- 
drawn from the reactor continuously. The polyolefin 
product is separated, then the unreacted monomer and 
liquid reaction medium are recycled into the reactor. 
[0034] Whereas the exact scope of the instant inven- 
tion is set forth in the appended claims, the following 
specific examples illustrate certain aspects of the 
present invention and, more particularly, point out meth- 
ods of evaluating the same. However, the examples are 
set forth for illustration only and are not to be construed 
as limitations on the present invention except as set 
forth in the appended claims. All parts and percentages 
are by weight unless otherwise specified. 



Examples: 

Example 1 



5 Synthesis of Tetrahydroindenylzirconium trispivalate 

[0035] To a solution of bis(tetrahydroindenyl)zirconi- 
um dichloride (1.182g, 2.950mmol) and pivalic acid 
(0.900g,8.81 Ommol) in toluene (45ml) at 25°C was add- 
10 ed triethylamine (0.871g, 8.610mmol) with stirring. A 
white precipaitate formed immediately which was re- 
moved by filtration. The title compound was isolated as 
a pale-yellow powder in 75% yield by evaporating the 
solvent under vacuum. The title compound such pre- 
15 pared exhibit purity above 98% based on NMR 
results. 1 H NMR (toluene-d 8 ) 5 6.24 (t, J-3.1 Hz, 1H) 
5.85 (d, J-3.1 Hz, 2H), 2.72 (m, 2H), 2.48 (m, 2H)! 1.91 
(m, 2H), 1 .49 (m, 2H), 1 .14 (s, 27H0. 13 C NMR (toluene- 
d 8 ) 5 200 and 197 (C0 2 ), 114.4 and 114.1 (Cp) 392 
(CMe 3 ), 26.48 (CH 3 ), 23.8 and 22.7 (CH 2 ). 

Example 2 

Scale-up Synthesis of Tetrahydroindenylzirconium 
25 trispivalate 

[0036] A toluene solution of bis (tetrahydroindenyl)zir- 
conium dicholride (THInZ) and pivalic acid was pre- 
pared by dissolving 400 g (0.995 mole) of THInZ and 
3 ° 310 g (3.030 mole) of pivalic acid in 12 liter of dry, de- 
gassed toluene. This solution was stirred at 50°C while 
304 g (3.030 mole) of neat, degassed triethylamine was 
slowly added over 30 minutes. A white precipitate 
formed immediately and the resulting slurry was stirred 
35 at 40°C for two hours, hexane (3 liters) was added and 
the mixture was stirred for one more hour. The solids 
were removed by filtering through a 1 micron bag filter 
by pumping the solution from the still through the filter 
and back to the still. The resulting solution was concen- 
^0 trated in the still under reduced pressure with a stream 
of nitrogen at 65°C to yield about 800 ml of yellow solu- 
tion, containing about 50 weight percent product. This 
solution was filtered once more, to remove a small 
amount of fines, the remaining toluene was evaporated, 
15 all in the glove box. Both proton and carbon NMRs of 
the resulting pale-yellow powder (477 g) were examined 
and a purity of more than 98% was found. The yield for 
this preparation was 93%. 

50 Example 3 

Synthesis of (n-butyl cyclopentadienyDzirconium 
trispivalate 



[0037] To a solution of bis(n-butylcyclopentadienyl) 
zirconium dichloride (1.001g, 2.477mmol) and pivalic 
acid (0.760g, 7.451 mmol) in toluene (25ml) at25°C was 
added triethylamine (0.871 g, 8.61 Ommol) with stirring. 



6 



11 



EP 1 091 968 B1 



12 



A white precipitate formed immediately which was re- 
moved by filtration. The title compound was isolated as 
a light orange oil in 78% yield by evaporating the solvent 
under vacuum. The title compound such prepared ex- 
hibit purity above 95% based on MNR results. 1 H NMR 
(toluene-d 8 ) 5 6.22 (m,2H), 5.97 (m,2H), 2.61 (t,J=7.7 
Hz, 2H), 1 .51 (m, 2H), 1 .29 (m, 2H), 1 .1 1 (s, 27H), 0.87 
(t, J=7.2 Hz 3H). 

4 

Example 4 

Synthesis of (n-butylcyclopentadienyl)zirconium 
trisbenzoate 

[0038] To a solution of bis (n-butylcyclopentadienyl) 
zirconium dichloride (1 .001 g, 2.477mmol) and benzoic 
acid (0.900g, 7.371 mmol) in toluene (40ml) at 25°C was 
added triethylamine (0.871 g, 8.610mmol) with stirring. 
A white precipitate formed immediately which was re- 
moved by filtration. The title compound was isolated as 
a dark yellow oil in 84% yield by evaporating the solvent 
under vacuum. The title compound such prepared ex- 
hibit purity above 95% based on NMR results. 1 H NMR 
(toluene-d 8 ) 8 8.08 (s,6H), 7.01 (m,9H), 6.47 (m,2H), 
6.22 (m, 2H), 2.80(t,J=7.6 Hz, 2H), 1.54 (m, 2H), 1.26 
(m, 2H), 0.84 (t, J=7.2 Hz 3H). 

Example 5 

Synthesis of (n-butylcyclopentadienyl)hafnium 
Trispivalate 

[0039] To a solution of bis(n-butylcyclopentadienyl) 
hafnium dichloride (0.500g, 1 .01 2 mmol) and pivalic ac- 
id (0.330g, 3.230 mmol) in toluene (30ml) at 50°C was 
added triethylamine (0.363g, 3.240 mmol) with stirring. 
A white precipitate formed immediately which was re- 
moved by filtration. The title compound was isolated as 
a dark yellow oil in 66% yield by evaporating the solvent 
under vacuum. The title compound such prepared ex- 
hibit purity above 95% based on NMR results: 1 H NMR 
(toluene-d 8 ) 8 6.15 (m, 2H), 5.90 (m,2H), 2.67 (t,J=7.6 
Hz,2H), 1.54 (m, 2H), 1.31 (m, 2H), 1.13{s,27H), 0.88 
(t,J=7.2 Hz, 3H). 

Example 6 

Synthesis of pentamethylcyclopentadienylzirconium 
Trispivalate 

[0040] To a solution of (pentamethylcyclopentadienyl) 
(n-propyl-cyclopentadienyl)zirconium dichloride 
(1.050g, 2.598 mmol) and pivalic acid (0.933g, 9.147 
mmol) in toluene (35ml) at 40°C was added triethyl- 
amine (0.871 g, 8.609 mmol) with stirring. A white pre- 
cipitate formed immediately which was removed by fil- 
tration. The title compound was isolated as a pale yellow 
powder in 73% yield by evaporating the solvent under 
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vacuum with mild heating. The title compound such pre- 
pared exhibited purity about 97% based on NMR 
results. 1 H NMR (toluenedg) 81.92 (s, 15H), 1.14 (s, 
27H). 



Claims 

1. A process for the production of the half-sandwich 
transition metal based catalysts which comprises 
reacting in a hydrocarbon medium at a temperature 
from about 20°C to 60°C for approximately one to 
ten hours under an inert atmosphere (a) 1 equiva- 
lent of a metallocene dihalide of the general formula 
(L)(L')MX 2 wherein M is a metal atom from Groups 
1MB to VIII or the Lanthanide series of the Periodic 
Table of Elements; X is a halogen atom; L and L' 
are the same or different, may be bridged to each 
other or unbridged and are independently a substi- 
tuted or unsubstituted, jt-bonded ligand coordinat- 
ed to M, with (b) 3 equivalents of an organic acid of 
the formula: 
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wherein Q can be the same or different and is inde- 
pendently selected from the group consisting of -O, 
-NR, -CR 2 and -S; Y is either C or S; Z is selected 
from the group consisting of -OR, -NRg, -CR 3 , -SR, 
SiR 3 , -PR 2 , -H, substituted or unsubstituted aryl 
groups; and R can be same or different and is inde- 
pendently a group containing carbon, silicon, nitro- 
gen, oxygen, and/or phosphorus, and (c) 3 equiva- 
lents of a trialkylamine of the formula NR ' 3 wherein 
R' is a hydrocarbon group containing from 1 to 20 
carbon atoms and thereafter recovering the prod- 
uct. 

The process of Claim 1 wherein M is preferably Ti, 
Zr or Hf . 

The process of Claim 1 wherein L and L' are select- 
ed from the group consisting of cyclopentadienyl. 
indenyl, tetrahydroindenyl, and fluorenyl groups. 

The process of Claim 3 wherein L and L' are sub- 
stituted with one or more alkyl, cycloalkyl or aryl 
groups containing from 1 to 20 carbon atoms. 

The process of Claim 1 wherein R is a hydrocarbon 
group containing from 1 to 20 carbon atoms. 
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The process of Claim 5 wherein the hydrocarbon 
group is an alkyl, cycloalkyl or an aryl group. 

The process of Claim 1 wherein R' is an alkyl, cy- 
cloalkyl or an aryl group. 



Patentanspruche 



1. 



2. 



3. 



Verfahren zur Herstellung der auf Halbsandwich- 
Ubergangsmetall basierenden Katalysatoren, das 
die etwa ein- bis zehnstundige Umsetzung von (a) 
1 Aquivalent eines Metallocendihalogenids der all- 
gemeinen Formel (L) (L')MX 2 , wobei M ein Metalla- 
tom aus den Gruppen IIIB bis VIII Oder der Lantha- 
nidenreihe des Periodensystems der Elemente ist, 
X ein Halogenatom ist, L und L' gleich Oder ver- 
schieden sind, miteinander verbruckt Oder unver- 
bruckt sein konnen und unabhangig ein substituier- 
ter Oder unsubstituierter, an M koordinierter n-ge- 
bundener Ligand sind, mit (b) 3 Aquivalenten einer 
organischen Saure der Formel: 



wobei Q gleich Oder verschieden sein kann und un- 
abhangig ausgewahlt ist aus der Gruppe, beste- 
hend aus -O, -NR, -CR 2 und -S, Y entweder C oder 
S ist, 2 ausgewahlt ist aus der Gruppe, bestehend 
aus -OR, -NR 2 , -CR 3 , -SR, SiR 3 , -PR 2 , -H, substi- 
tuierten oder unsubstituierten Arylgruppen, und R 
gleich oder verschieden sein kann und unabhangig 
eine Gruppe ist, die Kohlenstoff, Silizium, Stickstoff, 
Sauerstoff, und/oder Phosphor enthalt, und (c) 3 
Aquivalenten eines Trialkylamins der Formel NR' 3 , 
wobei R'eine Kohlenwasserstoff gruppe mit 1 bis 20 
Kohlenstoffatomen ist, in einem Kohlenwasserstoff- 
medium bei einer Temperatur von etwa 20°C bis 
60°C unter einer Inertatmosphare und die anschlie- 
Bende Produktgewinnung umfaBt. 

Verfahren nach Anspruch 1 , bei dem M vorzugswei- 
se Ti, Zr oder Hf ist. 
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Verfahren nach Anspruch 1, bei dem L und L* aus- 
gewahlt sind aus der Gruppe, bestehend aus Cy- 
clopentadienyl-, Indenyl-, Tetrahydroindenyl- und 
Fluorenylgruppen. 55 

Verfahren nach Anspruch 3, bei dem L und L' mit 
einer oder mehreren Alkyl-, Cycloalkyl- oder Aryl- 
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gruppen mit 1 bis 20 Kohlenstoffatomen substituiert 
sind. 

Verfahren nach Anspruch 1 , bei dem R eine Koh- 
lenwasserstoffgruppe mit 1 bis 20 Kohlenstoffato- 
men ist. 

Verfahren nach Anspruch 5, bei dem die Kohlen- 
wasserstoffgruppe eine Alkyl-, Cycloalkyl- oder ei- 
ne Arylgruppe ist. 

Verfahren nach Anspruch 1 , bei dem R' eine Alkyl-, 
Cycloalkyl- oder eine Arylgruppe ist. 



Revendi cations 



1. 



Precede pour la production de catalyseurs demi- 
sandwich a base de metal de transition qui com- 
prend la reaction dans un milieu hydrocarbone a 
une temperature d'environ 20° a 60° C pendant en- 
viron 1 a 10 heures sous atmosphere inerte (a) d'un 
equivalent d'un dihalogenure d'un alliage organo- 
metalliquede formule generate (L)(L')MX 2 dans la- 
quelle M est un atome de metal des groupes IIIB a 
VIII ou la serie des lanthanides du tableau periodi- 
que des elements ; X est un atome d'halogene, L et 
L', identiques ou differents, peuvent etre lies ou non 
I'un a I'autre, sont independamment un ligand lie par 
liaison n. substitue ou non, coordonne a M, avec (b) 
3 equivalents d'un acide organique de formule : 



Q QH 

\ / 

Y 



dans laquelle Q peut etre identique ou different et 
est independamment choisi parmi -O, -NR, -CR 2 et 
-S ; Y est C ou S ; Z est choisi parmi -OR, -NR 2 , 
-CR 3 , -SR, -SiR 3 ,-PR 2 , -H, des groupes aryles 
substitues ou non ; et R, Identique ou different, est 
independamment un groupecontenantdu carbone, 
silicium, azote, oxygene et/ou du phosphore, et (c) 
3 equivalents d'un trialkylamine de formule NR'3 
dans laquelle R' est un groupe hydrocarbone con- 
tenant de 1 a 20 atomes de carbone et ensuite la 
recuperation du produit 

2. Precede selon la revendication 1 , dans lequel M est 
de preference Tt, Zr ou Hf. 

3. Precede selon la revendication 1 , dans lequel L et 
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L' sont choisis parmi les groupes cyclopentadieny- 
le, indenyle, tetrahydroindenyle, et fluorenyle. 

4. Procede selon la revendication 3, dans lequel L et 

L" sont substitues avec un ou plusieurs groupes alk- 5 
yle, cycloalkyle ou aryle contenant de 1 a 20 atomes 
de carbone. 

5. Procede seion la revendication 1 , dans lequel R est 

un groupe hydrocarbone contenant de 1 a 20 ato- 10 
mes de carbone. 

6. Procede selon la revendication 5, dans lequel le 
groupe hydrocarbone est un groupe alkyle, cy- 
cloalkyle ou aryle. '5 

7. Procede selon la revendication 1 , dans lequel R' est 
un groupe alkyle, cycloalkyle ou aryle. 
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